The benthic isotopic record of Miocene Cibicidoides from Site 709 provides a record of conditions in the Indian Ocean at a depth of about 3200 mbsf. As expected, the record qualitatively resembles those of other Deep Sea Drilling Project and Ocean Drilling Program sites. The data are consistent with the scenario for the evolution of thermohaline circulation in the Miocene Indian Ocean proposed by Woodruff and Savin (1989) . Further testing of that scenario, however, requires isotopic data for Cibicidoides from other Indian Ocean sites. There is a correlation between 5
INTRODUCTION
In this paper, we report the results of oxygen and carbon isotopic analyses of the tests of Miocene benthic foraminifers from Ocean Drilling Program (ODP) Site 709. Site 709 is located near the summit of the Madingley Rise in the western Indian Ocean. Present-day water depth is 3041 m. Back-tracked Miocene depths of the site are between about 2550 and 2900 m, making it the deepest Indian Ocean site for which Miocene benthic isotope data are available. Woodruff and Savin (1989) presented a global synthesis of Miocene benthic foraminiferal carbon isotopic data and interpreted directions of deep-and intermediate-water flow from variations in 5 13 C values of the tests. They concluded that early Mi-, ocene thermohaline circulation was very different from that of today. They proposed that during early Miocene time a plume of warm, saline water from the Tethys entered the northern Indian Ocean in the region of the Red Sea and Persian Gulf. This plume would have sunk to intermediate depths in the Indian Ocean, entraining warm surface water as it sank and forming a water mass they called Tethyan Indian Saline Water (TISW). The TISW would have flowed southward to high southern latitudes where it would have welled up into the circumantarctic surface circulation. There, they proposed, it would have become refrigerated and sunk to the ocean bottom, flowing northward in the Atlantic, Pacific, and Indian oceans analogous to modern Antarctic Bottom Water (AABW). Thus, the proposed Tethyan outflow water and the resulting TISW would have played an early Miocene role similar in some respects to that of North Atlantic Deep Water (NADW) in the modern ocean.
Of all benthic foraminiferal taxa commonly used in isotopic reconstructions of oceanographic conditions, carbon isotopic ratios of the genus Cibicidoides appear to reflect the 5 13 C values of dissolved HCO3 in seawater at the sediment-water interface most closely (Duplessy et al., 1984; Shackleton et al., 1984; Savin and Woodruff, 1990, unpubl. data, and others) . Miocene isotopic data are available for only a few sites in the Indian Ocean and most of the available data are for Oridorsalis umbo-natus (Vincent et al., 1985) . It is critical to the testing of our early Miocene scenario, or any other model of Miocene thermohaline circulation, to enlarge the data base of isotopic compositions of Miocene Cibicidoides from the Indian Ocean. This brief paper represents a small step toward compilation of that data base.
METHODS AND PROCEDURES
Benthic foraminifers were prepared for isotopic analysis following procedures described by Woodruff and Savin (1989) . Preparation of CO 2 for isotopic analysis was done with a modified version of the technique of Epstein et al. (1951) . These modifications are especially useful in the analysis of small (< 500 ^ig) samples of CaCO 3 .
Samples weighing between a few tens of micrograms and 1 mg were placed in a miniaturized Rittenberg tube ( Fig. 1 ) with 0.5 ml of 100% phosphoric acid. The tubes were evacuated overnight, and then placed in a thermostated water bath at 25°C. No more than 24 hr before the CO 2 was to be collected, the Rittenberg tube was tipped, which allowed the acid to contact the CaCO 3 . After a reaction time of 2-24 hr at 25°C, the tube was plunged into a Dewar flask containing a slush made from a mixture of ethanol and finely ground dry ice. The tube, still in the Dewar, was then attached directly to a mass spectrometer sample inlet system of our own design, and the CO 2 was distilled into the variable volume inlet where it was frozen with liquid N 2 and analyzed isotopically.
This technique yields cleaner CO 2 and isotopic analyses of small samples of higher precision than we could obtain with more conventional multistage cryogenic distillation procedures. We routinely achieved precision of 5 
RESULTS

Isotopic Time Series
Isotopic results, as well as planktonic:benthic (P:B) ratios of samples from Holes 709A and 709B are tabulated in Table 1 unpubl. data). The ages of datums we used are based on those listed in Barron et al., 1985 . The early Miocene isotopic patterns are not sufficiently distinct to permit their use for making age assignments. We have a high degree of confidence in the ages of the middle Miocene section between 119 and 150 mbsf from Holes 709A and 709B. We correlated sediments at a depth of 132.5 mbsf from Hole 709A with those from 136 mbsf in Hole 709B as well as sediments from a depth of 151.5 mbsf at Hole 709A with those at 150.5 mbsf at Hole 709B. Thus, the section from Hole 709A fills a gap that we think resulted from sediment missing between Cores 115-709B-15H and -16H. Age determinations based upon the isotopic record and also upon biostratigraphy (Backman, Duncan, et al., 1988; Rio et al., this volume; Johnson, this volume) are indicated in Figure 2 ; age determinations based on the isotopic record are listed in Table 2 . Biostratigraphic age datums from Backman, Duncan, et al. (1988) that appear compatible with the isotopic data are listed in Table 3 . Backman, Duncan, et al. (1988) inferred from whole-core magnetic susceptibility profiles that the early Miocene section from 163.3 to 168.0 mbsf in Hole 709B is a repetition of the interval immediately overlying it. The isotopic patterns (Fig. 3 Miller and Katz, 1987) . Additional comparisons are necessary to determine whether these isotopic differences are indeed significant. Cibicidoides are depleted in 18 O by 0.18-0.49% 0 (mean 0.38% 0 ± 0.1 l%o) relative to Oridorsalis umbonatus from the same samples. Cibicidoides are enriched in 13 C relative to Oridorsalis by amounts ranging from -O.56%o to -1.22%o (mean 0.96% 0 ± 0.26% 0 ). The mean differences are similar to the adjustments used by Woodruff and Savin (1989) to adjust Oridorsalis 8 values to those expected for Cibicidoides from the same samples (0.60 for oxygen and -1.10 for carbon. The standard deviation about the mean difference for carbon is large, however.
Relation between 6
13 C Values and Planktonic: Bent hie Ratios Planktonic:benthic ratios depend in part upon productivity and the rate of sedimentation of planktonic foraminifers, and in part on the degree of preservation of carbonate on the seafloor. Because planktonic tests are, in general, more readily dissolved than benthic tests, the P:B ratio decreases as foraminifers are dissolved at the sediment-water interface. At Site 709 there is a striking correlation between P:B ratios and the 6 C and a 5-point running average of log P:B (Fig. 5 ) that is significant at the 99% level. This correlation strongly suggests that P:B ratios at Site 709 reflect conditions at the sediment-water interface to a significant extent.
The <5 13 C values of deep and intermediate waters are affected by a complex of factors related to the input of organic and inorganic carbon to the oceans, the oxidation of organic carbon in seawater, and removal of carbon into sediments. In a global synoptic view, 5 13 C values of dissolved HCOj in deep and intermediate waters are negatively correlated with the amount of dissolved respiratory CO 2 in the water. The dissolution of respiratory CO 2 also enhances the solubility of CaCO 3 in the water.
Temporal variations in the 5 13 C value of dissolved HCO3 at a single site cannot be interpreted so simply. However, the correlation between <5 -3, 25-30 13H-3, 70-75 13H-3, 70-75 13H-3, 75-80 13H-3, 75-80 13H-3, 125-130 13H-4, 25-30 13H-4, 75-80 13H-4, 125-130 13H-4, 125-130 13H-5, 25-30 13H-5, 25-30 13H-5, 75-80 13H-5, 75-80 13H-5, 75-80 13H-5, 125-130 13H-6, 25-30 13H-6, 75-80 13H-6, 125-130 13H-7, 25- 
CONCLUSIONS
The benthic isotopic record of Miocene Cibicidoides from Site 709 provides a record of oceanographic conditions at that location throughout the epoch. As expected, the record qualitatively resembles those of other DSDP and ODP sites. The data are consistent with the scenario for the evolution of thermohaline circulation in the Miocene Indian Ocean proposed by Woodruff and Savin (1989 Table 2 ) are underlined. Other ages are inferred from biostratigraphic data sources listed in Table 3 . 
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0.3 0.5 0.7 0.9 I.I 1.3 1.5 1.7 1.9 158 170 -I Figure 3 . Detail of the oxygen and carbon isotopic records of Hole 709B Cibicidoides over the interval from 155 to 170 mbsf. Backman, Duncan, et al. (1988) inferred from whole-sample magnetic susceptibility data that the section between 163.3 and 168 mbsf was a repeat of the immediately overlying interval. The isotopic data are consistent with, but do not require, that interpretation. Squares = S
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O values, and diamonds indicate 5 13 C values. 13 C values of Cibicidoides from Holes 709A and 709B (squares) compared with planktonic:benthic ratios of the sediment samples (diamonds). P:B ratios are plotted on a logarithmic scale. Major increases in 5 13 C correspond to increases in P:B ratio.
